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Dili paper deals with tha 2 'll .1 caepetor used in itm 
antral * tation Kira Control ystor as installed in tha . . 5. rcy 
Ur orcet* boavy bomber* type &»2?« eser-tially, tha computer con- 
slats of six serrceachanlsaa which position ,*ara* **we< /le sticks , 
fcrxl finally four differential aynchro-fianeratora, tha la- «r nodiiy- 
ing signals sent frcai the sight In.: station for be 111 at ic and lead 
corrections davsloped within tha coat uter and tronscittin; tha 
resultant gun orders to tha firin* station* 

In their report th* authors hare praaonted results of de- 
tailed tests on throe of the aenrooechunimn channaie* th* ancs input 
hftnool, tha aimuth Input hannal* and the Isvaticn Input Charnel* 

Itats aero made chiefly free a transfer function viewpoint. crlair 
static sensitivities within the oquipoent wars measured. Tha Ititude 
and Airspeed Input Channel and the Asiaruth and lavatlon Total- rrectior 
Channels were not tested in tborouch detail since certain essential units 
of the system were not available* However* otter pertinent Information 
cn the tm channels is presented Insofar as experimental determination was 
possible. 

iri-'fly* the chief result and conclusions may be lists, am 

follows! 

1) The servomechanism channels are pro;-rly dam 4 d *nJ 
atabia but have a rather low roscnnnt frequency. 

2) fexiaum speed of follcw-up ir these char-la, as liid'<d 

by the drlvlnc motors, is too alow to hand!* higi>» velocity 

problems. 



3) Solution Um is relatively long, »nc! is R-^roxtaataly 
^.ropcrticmi to the aaouiit of total correction reared* 

U) The overall computer perfomeine® is lliclted by the coa» 
tsetor or discontinuous type of • erTcrneehard. eas used. These function 
as proportional type aerro*, and sa each have steady stats velocity 



error**. 



ith tbs advent of Urw boaber^type aircraft, such •• tha 
Air Jorcsa* a-*9, and tbs necessity for jrot«ctin* the*- aircraft 
fro* snaoy fighters, application of firs control pri tciplaa to air- 
craft arwMsset has becoa# feaaibU and necessary. Currant ar lica- 
tioroof that# principles follow t—o distinct lints. They arai (1) " v * 
dlaturtwd reticla typa of sight, ouch as the l*V. 18 or the *-1, the 
Utter described in detail in .a tailed Theory and •- tlpns for tha 
-1 for tbs Control of Cunfire fro® Flxsd Puna , ockstfirc , L'Td 

$cr± in fro® lrrraft by Lr. C. . rapar. This typa of aysV - , in 
brief, involves a line of si ht kept or. tha target via a reticle which 
ie offaat free the g>n lina by the aawvnt of correction necessary to 
insure that the projectile* hit the target. (2) "ha fixed r» * icl# type 
of sight, *hich eaipleys a computer to offset the guna for lead corrao- 
tiens, auch as the General llectric aystaa us d in the *^-29 aircra; t. 
’’’he Utter installation is described in U# r . 'ray Technic* 1 r**r, 

11-70A-1, Tbs Central tat ion ire Qr-ntrol fystre . 

The present probU® In voire s the fixed reticle typ® of 

% 

director. The systea thet is used in the ' ir orcea* B-29 aircra' t 
reseat les closely that which is used atoard ®odem ship# of the mrj, 
ara', ae far a* ie knern, represents the first tiao that the type of 
eyrteia has been applied to aircraft fire control. t is referred to 
as the fl^etf reticle, central station fire control eys ea, ind in 
eneral, consists oft (1) A director station In which a liv o si ht 
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is established to th* target and is kept ther* by < roper tr*cklru in 
accordance with the tar,/< t motion* The director has a fi*ed tracking 
index or reticle which sores integrally with it* (2) A computing 
station to which inforcation fro® the director is cent to be properly 
coabined with such additional data as is necessary to compute a cor- 
rect gun order sirnal* (3) A firing station, or group of such s' a* ions 
which follow th® gun orders as developed by the director and the cco- 
puter* * odera central station fire control systems utilise server- cha- 
nisa technique to render the operation of the cysts* alisost completely 
automatic fro* the director through to the firing station. In these 
cyst©* s the three «>asic divisions beccae core emphasised* 

Ih the discussion to follow, as well as in tte subsequent 
chapters, the terminology used Is due te the G* r • Amy Technical 
( rdsr 11-70A-1 previously cited, with the additions that the tera* 

1 synchro p -nd rf '«l?jyn n are used interchar. ■ airly, and , *aer\Twc»chanicri M 
is used to Indicate a follow-up systtmu In the dia grass, dotted linos 
ore used to indicate steehanic*! linkares, and unless otherwise noted 
full lines are used to show electrical wirin*, circuit*, constants, and 
unite* 



fig* 1 is a schematic diarraa of the central station fire con- 
trol system which is used in + ho -2? type aircraft* ~he figure shore 
In the blocks the three divisions typical of this fire control system* 

It will t«e noted that each of the divisions, th* si hi in g action, the 
cor r<uter, end the turret, are *»efranica>ly independent j 1*©*, they are 
connected only cloc*rleally. Ir» th« si^htin station the jpuruK r vrr.er&tes 



•n electric iln«l in the synchro fvr+rntor indlcat • • p»el<lo< n* tom- 
the ii 1ft he**- * Here, >• in the turret , the ai.T'jl system is com— 
oerd of one end 31 epeed synchroe to rrovide the necessary ecoursuy* 

■*» •i~n*l are ea e Yolte -> in the raster differential afr chro, 
ia here Modified by the erouat of -he cor* ction. iroa the rotor 
0 / the di* *r*r.tlal eynchro the aiffjel /•>! to the at- tor of the turret 
•vnchro co« ’rol tmnefomer where it may nerate an error slarvel that 
•111 eli^o the fwi to hit the tarr«t. fir. 1 sheas only one plane of 
j«tion for the si htiiu a.ation and the • .rret rivw. he -tion in the 
other lane, either aaiasuth or elevation ie obtained by another exactly 
similar syat-e. «*»ever, both the atiaath and el* v-tion aerYo^c^Jttiltee 
uee the ease computer, 

"fee eervomechauiam drlvin* the ti-rret le characterised by the 
■* lidyne and ie entirely electric* .Vi«fly # aup-^oelnr the r« ( _ter to 
Ve turtwd off am* the eynchro differential rotor# to be ell,j»ed with 
** *thtorej then e eifnal voltafe it sent free the synchro wner«tora 
vir ctly to the synchro control trana* omer in the turrat. rha turret 
l& ** «rrd to the rotor of the control transformer* " uppose that the 
turret Is in slJrht aiaallgnrent with the rotor of the »« rare’ or. *hwn 
an •rrer voltage appears across the control transformer rotor terminals, 
-his volts** ia transmitted to the servo- ait Lifier which a llies recti- 
flea i ion and power amplification to i‘ an- am the reaultln. current 
^hich le still wo.ortionel to error in the am lldyn* control fields. 

"*ha '•lidyne la the final power amplifier for the aei yarns ch»nlaa and 
ee-.da a on*roll«d •» nt of current to the turret drive - ©tor armature. 



'ha motor has a mrpa rsfcsly excited field; hence, tJa tonus and s,^*d 
are almost entirely dependent upon the armature current* hen the 
motor receives Its current it turns in a direction to ali^n the turret 
parallel with the direction of the synchro #«n*rator rotor, thus can- 
oe lling out the error volt am in tiv' control *ransfora:cr rotc-r. ’i'he 
turret drive servomechanism has characteristics which -*y b* r,ad« al- 
ost anything within the limits of a i osition control servo’aeehanicn,. 
Impending upon the design of the servo amplifier, the axplidync, and 
tho turret drives notor, it may vary fro® alaest critically dashed to ab- 
solutely unstable. Supposedly the system will be desired to have 
characteristics most desirable in its at Plication. 

It is important to note h*rm, as indicated by ig. 1, that 
there is no feedback or coercion between the turret and the computer 
or the sight in station. The eximuth and elevation indications of tbs 
runs are fed to the computer from the differential synchros in the com- 
puter; hence are not necessarily the actual run position, 'n the other 
b*nd, the sirhtinc eta *. ion and the computer are intimately related by 
the lead gyroscopes and the ranging <V vice* This peculiarity makes it 
possible to study the computer independently of the turret, but not of 
the sightin'? station. 

In particular, the pj*oble«s at bend deal with the computer of 
Central station fire control system that is used in the Air ©ream* -??. 
"he computer involves six servomechanisms. Actual computation is done 
rechanic^lly when the servo motors position the various gears, differ- 
entials, -ora gears, and ‘‘waggle sticks*, lie. 1 indicates that the 



•-* *©tar obtains its ln'nita from several din* rant at re*a. r» Insets 
tt«t actuate tho six servo so tors ere: 

(1) and (• ) Aziwuth sod elevation co« >t* <*n position fro* 

tho •tiffare»>tlal synchro rotors, 

(3) Ran#* frosi ths ren ee pote 'tiooetsr positioned ty tbs -us*» 
nor st his sirhtin/* station, 

(ii) rue sir speed, density altitude obtain* 4 as a sin *1* con- 
t rolled volts es fro» ths handset unit avails* le in ths -2? 
to ths novlrator, 

(5) •«*-’ (6) slatlve velocity of tbs tarpst with re< pect to 
ths eansr's slrcrsft ->odJLfi#d by projectile ti*e of 
fit ftt to - ivo la ad; furnished by two gyros in ths sight- 
ing station and a tlnte-of-f light slsctrical :v tworV in tho 
jon oxtar. 

1:. 2 is a schematic block dl&rren of the eoafiater which shows ths 
;?t«ntials of ths six "rvcetechaniaeis and their oschanical links a. 
’lata 17 indicates sons of the slsctrical and aschanical oet*il# of 
toe otentloweter resolvsr and the axis convert* r which to • tber afford 
• »• Ju*t»ente to the total correction eotors. flat** II and HI ive 

front an* 1 ba>;k views of the coeputer. Mar* salient visltle ''tints of 
inter* si have been labeled. 

*he operation of the computer is beat described L: ta kin **e> 
east lea. In the first csss, aunross, for iuvi'I*, that conditions are 
sat ie follo-si The elrhtln head at the airhtin. station ia smarted 
eevin. In azisruth, tut not in elevation. Ko ran-» is belnr put in. ’em 
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altitude aud airspeed rosaln constant. In other words, only the lateral 
coaponsmt ef lead correction is t*ing considered* The angular velocity 
ef the sight heed eaueea the azimuth ryro to preeef.9, closing ft contact, 
fhis, in turn, ener^taos two relays cousins the aeiecth total correction 
-T»tor to turn ia the proper direction. The total correction ootor is the 
servo drive for the rotors of the differential selsyns (both 1 and 11 
speed). Vfcftssary fgedbacJc occurs sine© the total correct! en motor also 
did-ves the axis convertor* The axis converter positions the potentio- 
Kictcr resolver, which sets up ft volts, a to establish * current in the 
gyro erectirv coils to process the yro off the contacts* The latter 
conditions hold constant as lone as the sight heed laoves at a ccnti noons 
rets. That is, the gyro erectin coil has ^uot sufficient current to 
keep the yro off the contact. In positioning the rotor of the differ- 
ential synchro, tho total correction actor, through its /ears, has modi- 
fied the elmal from the sighting station by the amount necessary for 
correction. 

Ian second example, consider that the sight head ia b**ing held 
steady in both oslr.ulh and elevation, that altitude and sirspaed nre con- 
stant, but that tho guntier is ranging on a target. It is presumed th*t 
tho r* r^;a servo channel in the cosjp.ite.r is aatchin" perfectly the r»nje 
signal sent fro* the sighting sUUoru Through a mechanical linkage which 
converts rotary to lateral action (the pantograph and wggle sticltc) the 
potentiometer resolver is again positioned away from neutral. This action 
again sets a voltage to drive current throu h the gyro erectin' co>.lo* 
Zi.ncc f in this ea e, there is no I’d correction, and no torque due to 
angular velocity, there ia no torque to counterbal'inco tho torque set up 

Therefore, fch» ei'octin. coil tor qvo causes the 



by the erectla. coil. 



to „ rao**a lt#*e the contact *o«r£i tla^ the .total correction 

aoVon *>a\t r*L*ys. Tha aorrecu on Motors than reposition tha 

potar.ri uMt<*r r-«ol>»rc thr'O'a.h t>«* rads coirtrt«r otil tta gyre aract- 
4i%| aolla «d aora ewrreot* >Md, as before, tha total correction 

aow»-r «oac ileus tS» rot:s of tha differential synchros, which is turn 
tha i^r. p-«lUo».. 

r*m tUa n la tea, and th«* previous cj.ac«o*ioo, aav-r 1 

*•* ct% »y ba set down partalnfl.ru; to tha cam, utar mnt ita aarvo- 

«* c « Tla^a . *v«t • a rat 

1) .t..» altituds an air s;*aed, and axiMuth ryf al-r - 

tlon dlffora**ti< 1 synchro po«itionin_ servos art of tha 
pot'ntloatttar t;io. 

(2) r.o aaiMUth and elevation correct gun position ii* at aarvoa 
ara of tha synchro type. 

(3) 11 six of tits se r v o Msc r ianlsMS ara of tha so-called ooTtact- 
ar typo, that is, tha arror signal is a^liflsd and than 
usad to opart and close rally* which latter actua iy ai*»ply 
tha drlvi<» currant to tha servo Motor* 

(1.) Tha o*%utar and sightin’ station ara intiMstely related h y 
the la 4 utiai fcyros in Una i&^bliru nation in t&at all 

correction „•* - rated Ly tha computer must go to tha si*htliv 
action be Tor* < ’coMirt; orders. 

a ori -nail,. »«t up, it ••* proposed to irrrsitisata all six of 
vam mvrm* -tna«MS ia tho coiwutar froa tha ransfar locus viewpoint ss 
?r<*««Mfc»r: r. ♦ . f . mU in his m lysis ■*, ynth«Mls o^ ri.y» r -rvo- 

u 'a vi^»oint in srlnd, of Qo«rse it is »S9u»od t^*t ' v* 
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cc -tactcr type of servo fflejchstaion will befcev* life* • continuous on*. 

urther, it ns decided to obtain ft mny static sensitivities as poss- 
ible. r .ien, if time pera&tted, th? tr^nsi^nt reapers© to st». factions 
of the ^rros^ctanlnae vor.* to be invasti.- tod as sufi;* •• ted by y. C* **• 
rsper in rds I a? trims ut * n* lysis and by Cr- Q. r ». *rovn in Tr • talent 
ehavlour and cnfnn of ftrvoisee ha nl nag . 'I th tho ?toro characteristics 
known, then the ability of the computer to perform its function c*n b« 
predicted in advance. It was then proposed to set up a synthetic problem 
for the computer, put it in to the machinery, and observe the accuracy 
of tho r- suits appearing at the output of the differential synchro rotor, 
ost of the above outlined program Rscassiteteo the os® of 9 aljiting sta- 
tion* tnfortunatsly, that <s!d not b^-coiac available* ’ "no®, the procedure 
hsd to bo modified to include studies of only throe of the servo channels, 
tho*« of szlisubh, elevation, end ranra; <*ad certain characteristics of the 
taUl correction motors. 

In the subsequent presentation of result? the notation used is 
that of bre « mp*r, reran, an;: -*11 +9 idLven In th*ir pr-viously cited 

works. rb« sinusoidal oscillator, shown, in flat® I, •<*» bid It for this 
and previous experiments ty th® authors. The c computer dealt with io the 
so-called « single p«ra llas fl variety, *- , odel 2CH1C1, cemp stint gun orders for 
only one flrin station. 



cfttrrm n 

■>. - u. la* om ut»r **cfl***L ra is v v ro« * ^ *l*ctrinil 

■ ~i — nim<t t ;^to^k>*^r-oo:r«r»ll*<i* »— J .t of r: a,* i • **6a 

a-. u>* •i,nt •»**«> «dcj • typ* rati cl*, **!■»*% of •'f-loh 

u r_»*o sh* «tx of * t*r**t hlrpV a*, *»t* th* coRtrollia* ,'«trKic»*t*r 
ta ►j'.** /ro.**r ralu* for th* rt% * ••4sur*i. *fco r*l*y-conr., C vor typ* 

*v< lira in th* c«a*.wt*r r«**orvi* to thi* *1, -»1 • **' * ri v-» th* 

» k y rid* of r* «v* 1 .to th* .**hanl»4. 

Jl*t *f th* ran** i*»-ot ohaaaol 1* aad* with thro* 

*•>* imi 

lj Irrr* • ti r * ti on of th* nncral p«rfor*aae* of th* b«»ic 
wna*o t*»nd x* at *ueh, iaalodia* transfer locus and velocity error 

2 ) 1 x. ♦rlC'-utal d*t*rsln*tio* of th* *t*ti* inp*t to o«^-t 
• nw . l: vit* of th* *o**m*1* 

3) iTv^ti^ti^n into th* naxlM«* ran.o r*to* to **lc*i to* 
ljf»l*i o* a r*jrp«nd. 

tit to. *aMllW <li»e«*tlon which follow*, th-** thr«* to;ic* »r» »**t 
tayit'i,- %0 far •* j ■vii+'ln, though.* c«rt*ln luaount of ov*rW in scop* 

1* an*>4l J«*l*. 

**rro sy»t«*i *•• inv *tl *«t*d thro«a.h awlloatio* o € * 
U/r«9. Sil fwrelm fanrti»n on th* in^ut ^ato*ti**#t«r. -4 * ar m Min t of 

Ui# 0 **+ U ><i) '•?) «ir. of -ut tion * 0 ) *»r# sad* *i«* j! t*n*o<ialy in 
■v»*- r m>x aOkf ,-u*a* Wf *»* of a c*thod* r*y o*ci llosof « » 
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' si^-llfied layout of the c»a e ch»*n«l is shtrvn in FI*. 3* 
fhls flr.ur- further cho^e t h* -edi tional circuit re.uir*-! to introduce 
th* c. tho*-'« m j c#ciXlo- eopa into the systs® so as to properl; balance 
out ••ny volt»<e lewis, since and t» 0 were both deeirsd »s 

functions vnryLnf sinusoidally about a tero reference level* 

•e of the c«rtii®d» ray cscilloaeopo for **visur«Rcnt of the 
two lusintities, and with ihair phase difference ie clearly ircii- 
c ted in FI « U* f^etea error, which will be written as , with T c 
*i - *o» have been WMtsured instead of or v 0 and this technique 

is used of necessity in later parts of the work* The calculation of 
voctor is ' - ally done by vector subtraction of & 0 fro* ^ and in the 
1251*1 ceso r ia found to bo l*ar'in, w the in nit, %• The ratio , de- 
filed as the transfer function of « servo systow, is found by vector 
division. 

The aero position of wee chosen ’ s 375 |wHt ran * * *rjd tr* 
an^ilituJe of oscillation about this value was set at yar^c. It ees 
evident frees nalysis, as vdlli be brought out in a Isutor discus si on, 
that the raiv f civ. n- ml was not linear throughout its ran*,e of 2 f: Q to 
1£00 ysrds, but an invert! »,ction of the servo perfonasneo in one section 
of its rarvre was considered sufficient to eti-w fo en«ral perforrw'noe. The 
frequency of input wan varied free. about 0*1$ to 3«7 eyelet for second, 
tuis variation cov^riiv, the usnble mn,*» of the device* 

r *to obtained in this investigation is recorded in Table I, 

* -icfc also includes the s ditionsl liens calculated ss nececs- ry to 
i«r*it plottlik. of the st«.aa»rd tr«nsfer~locus curves developed by **r« 
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1. fell it. da •mly»i» end t^nVXeai # of u/mr 

?W*4© ©f 01V it to UfOt, CVh H(Xl(« « 

«nd **••• ’io*t** •^•r»t«ly, i# sfcm in i<. <• !h* t*a<»r©r-l#e*« 

*/*-•** ^jj/* j t* ^lott^* on i olar coordi**.ta# in atendard • ervo— 
r Mfcat. m fashion an*; pr-»««r ta<* in * l f ,. , The*-© two pi©** il^-ira*© 

i**r?orm**f of tr.e wy*tmm «j» trill? one. all #*li«*t c:».*ct*ri?tiG«. 

It mist ba notod that, *»41a th© transfar-loctm *-tho< of *©rvo- 
^ - *i ae aiw lysis as developed by r. in tho reference pran-.-osly 

Cj - *•* t*ri«©rily diroct<*' to«craa conti nuota #y*ta»*», it# a^plicutian 
*• - ^■co‘itin*fc»«g aystaa, relay-contactor controlled type in tH# case, 
rawilt# in * loco# ^lot juit# #iad.l*r to *hat i ht b© mpect-v of a 
' * The individual ^scontimdtias are ««iall with r »far- 

ono * ** ^ -""rail grating rr Ion and ara affectively smoothed by tha 
=* J <tao • ri ctiotBl -*upin« of tin portion# of tha systaa, 

' jh '+ H +rr&tU m a >cmer#l anoljjl# of thia #y#t«a alo^; the well-devalued 
pect^ra of * >itinuou# ©error, achard am • 

7t~ np/vifar-loc js, :. . , shows tha #ysW to OOvr the ^•©•ral 

* i*9 . • proportional servo throi<*j»ut it# operating rwrloo* or thi# 

» a- >*rvo ti>e ch*r-ct»rlstie e -«t<on wy b* written as; 

Vo + Vo ♦ *»© * k % 

• *•* affective *o«» of the systan re floe tad to tha output 

a'uftj 

** '‘t r ectlva viscous of tha systaa r*flactad 

>* e»Vut •heft J 

• * - . roportio wliv -ctor or ^in constant of tha 
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'hie c . ‘.ceteris tic «**»iUcn my ^ • rittwen in nor.-Ml 



o*l 



as» 



K ♦ * ofo 



w S"i 



where id is the natural frequency of the syste* « \!jl 
n 

and ^ is tS*» daepin. constant of tu» sys<*»» * t 0 

lwr 0 

/Earning that tha sy«t«& operates as » siaple proportional servo 

then, it obeys tho laws of the 2 ao or-ar ii ffereotial equation* Troo 

i k « St of *oA , i> khe WM&®*** value of tho resonance function, fiat is, 

frn/frj « yW (avir) , is found to ts 1*21 sad thie lasjdwje? occurs et s 

forced fre^uoncy of 0*?$ cycles per con- 4 . tilisin^ the cnrv«s of 

ilat^n ' 'M 12 fro a the paapfclet e-iiltled “In-tniscnt nely^Is", by 

trof* C* * rr»per and ‘Salter efttwrin* with this resonance eats, 

the vnlun of the empin^ constant, ^ , ean i>e determined and also the 

vulue of the fnq iM Wiey ratio, a at w:-ich resonance occurs* ^ la 

/) ^ 

thus found to be 0*hii5 end /o (wax) tc ** '*h» reooneat frequency 

or the ««v> mj tbM b* c*lcol.i«J M <£jT . 1 . 157 cicU ,/,*. 3n g. 

'his value of * tural frequency is sens'*-* *t low for a ood •ervomchanis* 
thoV'i* the 7alw« of ^ is within the raw* • ©£ uswsl ao^lneerin , ractice, 
0* *4 to 0* 7 • 



ctdaily, the trantJer-locv^ ri • ' . 'oovo the n- : live isa.jin«ry 
axis on the ol^r plot, fi*,. 6, indicating the •yiatence of soaso Richer 
order effects than writt-o in the al^le y repo rti o<i&l equation and this 
«xi*b*Ro<s i* verified at ones by the plot of »h« -rul* of S 0 
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jwjb It«'« ,, #MtJ\ cil^we #cw*?l-*arr uly frw the u*ml fora 

,'cr • t — »^ h jrvur »|«Xl<aa« ul .war erder affects »r« jtmtnl la 

W *.t Um*> v«.*v1 to l*nwe vft#» ♦*.«, ©nae of the ** chain «, [ *rtl<n 1-dy ia 

of *mr at velocity lot uts. uch an lrr, it ia tha 
*,«1 ,ju« for -ta rm^« ••rvo since it recreants a r»V< rata Upvt. 

; *arViar at*iy into tha performance tail analyaia af tha ran^ 

_ i &. yommml wee mk> a serine of veloeity input*. f*e ra* a 

^»t*r <w*s Oil van at various angular rata# an.i tha *'rror 
yT w.e owtv at in folloaic its input wo* *-asured on a calibrate cafode 
ra jaci ll^**o-*pe. ">» non-linearity of the system was n*al*cted 'nd tha 

ntOfw r*ta •*•* ©oeputed on tha -**la of tha time to clo*" re*:* ' v 
!>.0 .or**#, i i aoalo r~^lon 1200 j-«rOe to LOO yard*. rror »-# 
■Mi«r«d io vols * •* conversion fro* volt# to yards i© po-ei la through 
cj». of U*- r«v« *eoeitivity curt# later obtained. A© a pje-ntitative 
u*. aw* tide portion of tha work is aomaahat inaccurate by reason of tha 
of the #y*t^ and it# varyin. sensitivity from »*xi--» to 
4 nil r re«w» ioaieetioa. . ualitativaly, hee*rr«r, tha results i#^lo*ta 

tbe «.-*er of error «t varlou# ran## rate Input*, and cive **i exact vale# 

% 

if t v -» Tfa error to be expected. 

* ta see t-*en for r%iv# rata# frerc 37 to 333 yard# p*r 
co* • '••, ondU to dosing atteeoi from 75 to 631 #H**e ,* ar hour. 

■ rr<r in vaK • *t the inpot to the servo ac^.lifiir co-'T** ^oadlai ta v*a 
-jiriivo mi # rat«# ie reconimd in f«-le II. rha -lot of tMs arror 
v*rous ra<v* * *te in ail-# ^•rr hour i* |i v-<* in n • 7* f ’.is t lot is 



ess-ntlally linear A«ain raturnln to the wssuicption previously made, 
that the -echanliBa perfonsence e^ufiti on is of second order, that is, of 
the fora: 



V 2 ! f ^:>o - . 

the velocity error for any angular rate input can be theoretically cal- 
culated, neglecting initial transient*, s: 

' v * 2 f *1 

r« rival! on of this steady state error tons «*y be found on pages 11-12 
of the paper entitled, ‘’Transient *•>•>» vioor and Ceeign of ^crvo^echanie. 8*, 
by r* Joruon * rom. Ills is a linear equation and its plot should 
pass thrown the origin at sero input velocity* The experi&oatsl data 
shown the proper li vs ar relationship , but does not pass through the 
origin* * he value of error at *ero velocity input is then the sialism 
error to which the channel will respond to its input and is of the order 
of the noise or hash level in the system* 



.xperimntal evaluation ©f tha input to output sensitivity of 
the ran*,© channel was ssade at the conputer* Overall sensitivity of the 
ran„e system from the sight to the computer should obviously b« unity, 
that is, a ivon ra%o as measured at the sight reticle must be eventually 
transmitted to the computer correctly within such mechanic 1, electrical, 
•rsd cov. utatlonal limits of accur-cy as may be necessary* 



simple a Industrie rari^ru, unit --.auras ran^e as n func- 
tion of a base ifvigth anr sn an le- The output of euc n a system as 



if 



sbam, La 'l '* nay ha nut*' eat 



D 



■ — 2 nhmra n • -*ee j »da^ spaxi 

t, *‘ 1 # in tale o«sa 

t « «oal» s^utenJo- at suriig 
station by the t*se learth 

1 s ran&A in urit* of the • o 
1**«V th. 

** • ie se-wtastially the input to the raru;lr* potent!**^ t»r **a c. the 



co^pQter follow, it is preferable to write the previous ejuation 
e « ten * n . he equation may be farther transformed to a 

. > ritr-«4.e ora asi 

• s tao’"-*- (anti log (lo f . n - lo,. )) 

* - telly, of eecharlcal limitations in construction of the 

-i^cle Jor-rn, slots In th* si.ht unit of this syst ^, it war fo«tad de- 
«lr.rle to fwtb-r aectify tbs input term " to a function of ft other than 
th- . -exprvK-1 ss called for in the previous equation*. The fiiael result 
i# • written ast 



♦ « ten” 1 (e.>tilojc (log n + lb. f (' ) ) ) 

Vfc&s K\ Mttet o*^li cited relationship is f ^aerated at the sis«% ar*» !•- 
llr+n-j • • t £»• iivut anil* *» to the tua * trsnswittis, ft*nH ftr‘rr 
UirviwiA ^ non-eireular 4 »ar train, is then »:yt-cred at the o><>uter 
ihr»v<t a - tehing set of non-linear .ears on th«> *? o potent! oa*<tfrr, the 
*"1 r-etlt being delivery of values from si . <t to e\»^ jLtr at a 

eneiU #1 o unity. U»th ii^.ut arv* output potentioaurt-rs are thaeselv** 
linear within -^jfacturlo* tolarsnces. 
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ensltivitj * t the computer was = -»sured In terse o< ywrds 
output r^a:* . fr volt input froia the nrrot rcacuri nc end 
potentlo* ?ters* Th« rethod used to masuro this sensitivity i# ex- 
plained In conjunction with the circuit coronations as shorn in ri».* 9* 
Certain ran.es were set on each of two potentiometers connected so as to 
alt or ns- te as the fc, input by the throw of a double throw single pole 
switch* These rang'* 8 corresponded to adjacent scribed values on the com- 
puter internal ra rt„* scale, thus setting a mean rangs #nd a ran<e incre- 
ment between the otentiomstftrs* The computer was then allowed to follow 
one of the input to its sot rarv»e* lUr^ct current input to the 

range follow-up color « s cut off end the * ITT switch thrown to the 
oth*r potentiometer* rror voltage developed for the known range incre- 
aent was then reau on a v euver. tuba volt«ot®r, f.ewlett Packard typo l 00'* 

Ihe sensitivity thus sbtalned, labeled S . n9 ms computed uj Ah in units 

AT 

of yards/ volt and defined as existing at the nusan rr.rtjw between the two 
ranges set on tJv- ^ potentiometers* ^ si dual errors wre also ejeasurod, 
these bein<i the error in volts 3 till existing after the computer had 
mtched the input si r nal *3 closely as poss ible* Those errors correspond 
to the hash or noise l*vel previously Ken tinned and are the xainiaun voltage 
errors required by th* range channal for any response* onsitivity •i&ta. 
thus compile is presented in '*abl« III, and a plot of s t ^ versus mean 
ra n*re is given in ,r i* - 10* IM.s plot shows an alcost linear increase of 
ran 'a sensitivity frost a&r&Baa to caxicua rarve Units of the cosputer* 
onsitivlty increase fron about *> yards/volt at a a&r&aum range to 3*3 
yards/ volt at s*>cissi» range* This kgrees qualitatively with tha theoreti- 
cal aquation previ jsly written for input to the tranaedttin. potentiosr-eter. 
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•uoh plan as • i »r:<iv«t c jxv ml is sXstauiAallj 

Uns*r >n V* ••rljr i*art of iU r«vs. 

► row ths rtu/. : r»viossly disaossw* acr* in asoijwic- 

tlaw «Lt1« ibm sensitivity currw of *if* 10 , it is poasicl# to t* lc uIa t« 
Uh* r.<3 j « •rrors la run^s Hk»ly to bs P r***nt st any Iwn na,i 
•^u. •*• lar. *#t error rolta ,e »s«Bursd wi 1-1C0 volts •* 691 slltt 

. sr -v jt and If this srror occurred nasr mxlwsi ranjs shsro ths san- 
•i*-ivit.« is v> roxias tsly 3? y«rds/v.ilt # tbs raiacs srror soul I bs ->nly 
#ios& i5.£ jure*. :.*ai*r*ll7, the ranjs error «*as to raac« rats s 
consider-* aly loss than this *sad*..ja« 'nos, it is dsar that v .locity 
• nr*r «•<**•* rgr tbs incoainj ranj* r»t« is not s serioos cases of ccn- 
; -.ftloml srror* toseror, analysis of Vis ssxiwa rats of wa in- 
put, ahich 1 j Halted b 7 ths * 5 l_.ic.s 3 eyas*} of tho rary» follow- so tor 
Jots sfcos sows ssrletis 'sflcitnciss* 

Tits set a*l relation between IxV'Ut retn^s 0 oaf tho aryls oc , 
in radians, of ths rotation of ths motor output cosr from 
=o** sjitaolj chosen initial ;osition, is civsn by tfes folio foraulai 

.* . rJ 

UTSTV- * •&'& l»*io ( * 4 no > « .2711 lot (- t uo) 

~KI * “5T7 

*.<•**»! rirss* a )x^jhl*t entitled *P»njing in :^f*nso of tbs ^29 ‘/mliwrt 
>*s ’ *’.<<> s* 17 • C* Lssis • 

'•£in ths ties derivative of this s^oatiom 

a . *2711 

un3E> "it ’ ir ~- -nn) 3t or 

if a .001216 r f‘ - 110) 

*.*rs r n lsiA>yvi «»• or - tor oat st 

* ^ *j« 1 ii a wrrl ~ . S i ef f^0 r w s r ^liti«ws rmr altsjts. 
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•*r«r- t-sla fwx^sul* « t-tle can On computed of the maxisun ranr* 
rat?, pea rd ole for the coasputer to feller at various input ranies* r uch 
a cowput-- tion plaids the t'&ta presents’- in Table IV* This table show® 
that at ran. «*s lows limn 1000 yards the computer cannot follow a r«n£« 
rate of ?00 silos per hour, which, value tri Jit easily he •\xperienced in 
a not*« attack* As the r&nga closoa to 503 yards, which is tho usual «f- 
fectiv«’*opo.i**firo rang© for an a -tacking fighter, tho ranxlRunr input 
range rate is only 373 alios per hour* This analysis clearly shows that 
ths r roe teat Units ti on on the accuracy of the range input is the ccud- 
stub speed of the rungs follow-up color. for satisfactory range input 

ft 

in an attack problem at speeds of standard service aircraft the follow-m? 
Kotor should run at about twice its present rated speed* 

ocapitul&lioa of the results obtained in Ike asttlysde of the 
jUTizo Input Channel aa, be aade as follows: 

(1) The tang* Input e crvooachnniiia approsdaetas the site? la 
proportional t ype, with a natural frequency of 1*157 cycles/second and 
a d&apinf ratio of 0*U1*5* taxiiaira value of tho resonance function, 
Ve 1# 4s 1*20. 

(2) Velocity errors in the syatevs result in a Mud*** error 
in ran-:® of about fcO y *rd* at # 7 CO nil® per hour closing rang® rate* 

(3) bole a or hash level in the error channel everntges about 
0*5 volt?, equivalent to about 2*5 yards at jniiiLsurt r<sn_e and lncress- 
i»C to wcaat 1J*0 yar&3 *i fluxixw rare®. 

(1) *saxl*rj« range rates to which the channel can respond by 
reason of trie follow-up aotor speed limitation bosoae increasingly un- 
satisfactory bnloTr 1000 yards present range, until at ranges below $G0 
yards, the syjtca is unable to swet range rate re juireeaftts in defease 
against nofft noraal attacks. 
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CilAPT R III 

ti^v:.ric:. kKi azjvjth mn?T ciiAh^g or th’ ootnim 

The elevation and azimuth channels to the computer are electro- 
mechanical servomechanisms. They are selsyn type follow-up systems. In 
the coaputin. system, the selsyn signals from the eightin station are 
introduced into differential selsyns in the computer which alter the sit - 
nal by the amount of the total correction. The signals are then sent to 
the control transformers on the turret and from there to the servo am- 
plifier and finally position the guns to their correct position. The 
azimuth and elevation gun position systems also contain control trans- 
formers in the computer (only one speed eelsyne used) which are connected 
in parallel with those on the turret* Urns, the corrected gun signal - 
which is fed to the azimuth and elevation turret selsyns - is also fed 
to selsyns in the computer* Since the computer's azimuth and elevation 
channels are almost identical, only the azimuth function will be de- 
scribed. Investigations were conducted on both channels* 

The rotor winding of the azimuth selsyn control transformer in 
the computer is connected to an amplifier in the computer* The output 
of this amplifier actuates a relay system which in turn supplies po er 
to a small follow-up motor* This causes a shaft to rotate, which gives 
the computer the correct value of gun azimuth, as well as driving the 
rotor of the selsyn control transformer. 

In order to understand the basic principles of operation, as 
well as the methods used in measuring, a simplified computer gun-position 



system is shown im iigure 11. Aeauaw, for example, that the sight and, 
hence, the l-s?«©d Balsyn rotor on the sighting station are turned 
ft vo to jrees in a clockwise direction. A voltage '<11 appear * cross 
the rotor rinding of the coapwter control transformer. Thie voltage la 
applied to the input transformer of the amplifier. The polarity of 
this voltage i« each at to make the loft head grid positive and the 
right head grid negative during the half cycle that the tube la con- 
ducting (plate* are positive). The left-hand grid will allow current 
to flow in the left aide of the tube, while the right-hand side la cut 
off* This will cause the operating coil of relay R-ff to become ener- 
gised, while the operating coll of R-CCW remain* de-energised, then 
relay RHW pick* up it closet its normlly-op«» R-C1P contact, and open* 
Its normally-closed K-O? eontaefc. This applies positive 27 volts to 
ien&aai (3) of the motor, and connects terminal (A) to ground, thus 
causing the motor to rotate la such a direction a a to drive the aslmuth 
guarpoaitioa abaft and tfc© selayo control transformer rotor in a clock- 
wise direction. The motor will continue to drive until the voltage 
across the control transformer rotor winding becomes *ero* 

The inveetigaticn was conducted to study the static and dynamic 
qualities of the channel up to the counter asdmuth shaft, to determine 
the magnitude of error® introduced into the lead computing stage by the 
eelsyn transmitting system* 

Two studies were amdot 

(1) A study cf the responoe to s sinusoidal forcing 

fwnetian over a range of frequenclee. (©^ • i sin <4i). 

(2) A study of the otaedy state error at constant 



speeds cf rotation. 
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fteeaure ef upKlMi and pruura the error al goal ee* nil 
uy »»e of the Cathode Ray 0 m111oi«op«> fhe wiring ONMi iry to In- 
tredeoe tbs esope into the control circuit is ahewn in fig* 11* 

In Uda Mft| *e aantioncd in Chapter II, error wee nacanred 
i nte nc than the output, a 0 « Error (r) sad input (t^) were measured* 
rtsot difference and amplitude wore determined «a indicated in FI giro k. 
tala lufomMiaa permit* a rector plat of 9^/E. Data is found in 
;«4 m ▼ and VI. 




ji= K(?) 



•t -•»-* 



% -* 



* Ka(s) 



^ * KC(») f 1 

r*r* 1 



9© 

r 
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The plot of %J% any tnae be obtained by mewing the «j/F plot 
to Use xmt a distance of one mlt* Transfer loci plats of the axinuth 
and »lsr*iloa response are shewn in Plfurae 12 and 13* Those iKw that 
t &ee« tymu+m, mn theu^h they are contactor serves, follow the general 
plan af a feed proportional earveneehsniva* 

From ttoie plot tad data obtained in the Table far %±/t, 
data for 6^/#* nay be obtained since 



ta/E 

57? 



Vh 



/ 



*b*se angle for €* 0 /% i* equal to tbs difference tn the ph«»# 
of and fej/lfi* Theso values art tabulated in Table* V and VI* 
Plot# or for the aaiwith and elevation channel a axts 

shema In figure* H> and 1$* 

The velocity study eas concur: «d by driving the selayn gener- 
ator on the input at a constant speed* The elevation and axisruth chan- 
nala gave aimiXer results, and data obtainsd on both art* incorporated 
into oso Table and plotted aa ona eurr»* Measurement® were made on the 
Cathode Ray Oaeilloacope in a manner similar to the aittoooidal study* 
Tb* error voltage see measured as a linear distance on tho oscilloscope 
screen. A subsequent investigation permitted this linear distance to 
be calibrated na degrees or mil* of error* This wee done by blocking 
the computer output shaft and atasmlns the oscilloscope displacement 
for known errors* 

The data- for these investigations is tabulated in fables VII 
aad VIII and the curves of calibration and angular error are afeovn la 
Figures 16 and 17* 

The analysis of the above Mentioned data yields values for 
the j and ^ of the elevation a ad asiwubh channels* &c *as again 
mads of the references and formulas mentioned in Chapter II* 

Elevation 




mx * 1*12 at * 1*1*7 eycX«*/a*e 
(fro* Fig* X£) 




H * -7 

0 at % 

1 

CS - 

.7 _ l.!i7 

* * ‘" ffl” ’*' 

Wo r2*l cyclcs/ccc 



*3 



ac 1*17 at « 1.23 

^ (im. n«. u> 

(** *76 
? * *ii7 
•76 = 1.23 

U>n s 1.69 

Thooo ralooo far 5 wrt s£lhLn th« raago of |««4 — gl n oer 
La raotieo, e.u to 0.7* Tho reaonant froqaoacy la somewhat low for 
visual angtaeeriaf j ractice, hut In a gna directing uy%tm tbi« typo 
of reaponaa la daairable. Oscillation af the light duo to vibration 
of tho aircraft or aoranont by tho gonaor at high frequencies ora 
looothi'd oat by tho poor rooponoo of tbs cowpator at tboso froquoncdoo. 

Tho Hall valoo of /c at tho lowar froqaoncioa la also dwdrablo. 

Imrooti cations cand acted by tha DoparUunt of Physics* (btLrrrt lty 
o'* iw ><r\oe (Toots Related to iht Defense and Tactlaal U*e af tha f-2?) 
tend to prove that tha overall syatn (turret and tight hood lasladad) 
show a Mali larger vales of ^ , a nail or Talas for £ , and o higher 
resonant frequency. 

Tha steady atata error introduced into tho lead computing 
rr» «- varies alaoat linearly with the angular rata of tha tight. Tha 
tire of tha errors, though large, do not introduce such error in tho 
scturl final coaputod load. Also, the azimuth and titration of tho 
turret follows tho signal introduced by tho sight ror# c lastly since 
tho turret lo fitted vith both om-spsad and 31-op »od control trenaferaers. 



tfcm reference noted above (Teats Eelated to the Defame* «rsu 
Tactical 0*o of tha xj-29) dnum attrition to the fact that with the 
overall syat or, the gem petition error at constant angular rate* it 
greeter ulth the eaapaier linked In the system than -with the co ^ uicr 
by-psosod end out# Tbit error rartee wLth the etiailh# Obviously, 
this larger error inurement io introduced by the computer* Part of 
tho error it due to the error in the azimuth signal received by the 
computing system at an angular rate# 

To detonelKe the megnltide of the lead error in azimuth In- 
troduced by the incorrect eaiauth signal to the computing ayst*», a 
parallax of forty feet ±e aosuaod# This ia the approrda mie value of 
the lrrgest parallax found In tha aysteo* The ma^nitecse of the error 
is further dependent open range, relative velocity of the target and 
the aaimnth of the target# Cun at shooing representative values of 
this error are presented In Figure 15# The folio sing development was 
used to determine these vsluss# 

? n spaed of the target p*rpen£l«ular to the lie* of 
sisnt and relative te U» bashing aircraft* 

H « Tree rsage in feet# 

i> s Tree azimuth angle off the bee# 

Lp, r lead an. pi* due to parallax# 

^ * Error in azimuth angle sent is the computing system# 
s Error in lead angle doe to error is azimuth angle 
received by the computing system# 

W * Angular rate of rotation of the sight# 

U)s J 

f 

*4 be detersdnsd from Fig* 1? by entering with UJ es «n 
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This daralo p— t ahcnra that while the error repaired by 
the orating eyeten aay bo appreciable, the final error la lead 
applied to the gwi position signal la —.11* lowerer, it «cp!Hoi 
the origin of pert of lead error i&trodooed by the ceapoter mad 



dense is t ratios the ro*ion fcr its vsrifttion vdth - siaath* 



The results obtained in the sleuth and 1 eve t Lon Channels 
c»y be ow.-'niced ns follows: 

(1) Thr ' .i-uth end .lcrvation, ncrvoaec v a»ni tm aj^rcjdjsete 
cinvle rro ortion&l b$po, with « natural frequency of 2*1 cycles 

per second in the a ii south channel m ri 1«6? In the elevation channel* 
Values of the darn inj ratio rero in the ran-e of cood engineering 
prccticcj 0-51 for tho oaisuth channel. 0*1;7 for the elevation* 

The response of the overall oyster; appears to be poorer 
then tho eoryuv^r alone, and while the computer la partially respon- 
sible for any systoa luz t its individual response la , T ood and is ef- 
fective in ottooUdnc out sight head oscillations* 

(2) The use of the one-opccd js^lsyw charu.nl alone in tb* 

cosqpafc^r rer.ulta In poorer aateking with the positioning signal than 
at the *nd introduces an appreciable error into the computing 

syst «5 when r.ho si£ht heed in rotating:* This sign?!, error results in 
a snail error in computed load* 
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u. Ai.- • , .D I* CT ClU* 1 # Tg| O- c 

»1*. J . toSe iL-yl Air»r*s*d i^txt to the computer mechaalem it 
*r> e 'ctrlr^l serromscfeaaiGa pote«tiowotBr-controllW, wary 
«j «Ii»jr w u*« r<*«A* it. '‘•fcti'iss Indicated air speed, tam- 
f#ntir*, emr ber:=aetrie altlt^* are aeA» an the Altitude end Air 
\ e«d iW Vj«i 9-d t located in the •'•▼i • >r& cc^crt^rit ef the 

^~Z9» n.-^a t*ree inpufce ara coe&dn , «d at the Handset Ibiit into a 

aia*V nation rapreseoting true air enaad and density altitude by 
a c '■plicated network Rada up of fifteen pctar.tloootara . The final 
oat.'ot fuaetion is transmitted rs a Toltago signal to a receiving 
petwaleoeter located is tba eoa^pater. The amplifier and follow qp 
8jv*."~ reacts to error voltage exist* s- beiwe*i inret si gar 1 and re- 
cad e*r potentiometer ia the eaata Renner aa the range channel a errs. 

mo R»nd*at Unit was available and no data could bo located 
to perrit iinreetliatioa of this channel for a deterd nation of tsmsi- 
Ivity. eselfle data was not taken for this channel but ©beervatiem* 
•are made of ite epeed of response. The performance is extremely alee 
tad this ah* anal la byAr the sorst servomechanism of the computer. 

Instructions aa sot forth In the operational manmel tear the 
system are to make settings on the Handset Unit sufficiently in ad- 
ranee of a fixing problem to permit at least five seconds elapoed time 
for the follow-ap system to react. 

This channel is otmooaly a weak link in the computer ijjpafc 
»r*-am but as bee- tolerated on the ana'jmption that airapeed al- 
titude changes will he oe li lble durlnj normal firing problems. 
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i -* » . ^ K,.s w . » *-T/ ~ r > L f !' ... <»ny, 

final output c.f the ccarr-ut^r consists of a toUl correc- 
tion ay ll*d rally to • dif rerenti&l eelsyn <emrator. ’’ha 

firing station tbeu follow* the sighting, station si raaljl*ftding c r 
la . in, ty the amount of total correction introduced at the differ- 
ent 5 Two separata tyriwms ere used, one for a riant h correction, 

the other for «> v»ti«n correction. Dul| the erlwuth channel is de- 
scribed in d -tail, ae the t' r © arc identical in general desiii feat urea, 
Jteftr once to the schematic circuit shown in >1 • 19 will aid in under- 
standing the lead computation process. 

Klnaastic 1-ad ia cc.-pubad oy rat- gyroscopes in the si hting 
station. Two sir. * le-dep^ree-cf-fre* dess units «re used. Tovetoent of the 
sisht in treckins fringe the jyro ces« up a.-ainst contacts on the gyro 
element havinr the *ffect of clooio; a ® in rle-j^le-<U^blc~ threw switch 
to loft or rirht, causing the asiamth total correction aotor to drive in 
a correppondinr direction. The necessary feed-back path to the gyro 
element is via a pair oi erecting coils which a;-’ 1 y an elect ro~*agnr tic 
torque on the <yro ale** nt in such a direction as to process it away 
from the contact on the case. ■ solution has b© reached the- 
aotion of the c«sc towards the §yro eler nt is ’xactly effaet fcy the 
precession of the «l*j»ont awiy fron th- case. Ltndrr tba<w condition®, 
the contacts rtoftir open arid the total correction sober is stepped, tha 
correct cc=»pu{-»t ion for the problem hsvi n ' >* n a*d« and t,h- tot:l cor- 
rection driven into tlw differential - aerator. 
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«li itmmm li.irul*** i* lt» oar«*c*Ja» la 

9 * 4 * M i* ,««WMiUai^r n «»i*»r w*il . This v.*>lt la positioned 
(HsUel'-.lV/ ’.y «ft e-anion a* correct loc. -Jw »V'< rl'*l 

volte** ;^U#d to lh* j'ataatlaua' • r alvemte la varied thro*. *h a <iet- 
•ora a.ltlt-''** arx* airn»-«J, ran.*, w ballistic (• , '!>fly 

V Ler of r lWtl )* TT» overall l.e. voltar cf >1 rolta available for 
♦no ♦'i ni"— r* ia r*Aced to 2**£ ▼©It a by a rra^iaian voltaic radiator 
•cd tAla ^1» a^ ia fwrthar **»* if lad by tha fo ra oa ntiorvd not -«f+ bo- 
for* i» la a ► 1U to tha reslatanoa araa of tha potentiometer receiver. 

, re • trr » of if< >yro alaoont ia controlled by the currant throu^ tha 
»roolia* ^ila wfich,in turn,ia controlled by tha position of tha allo- 
«j- cza.'Latfts x t< v pobantlaaoter resolver reals’ >»nca arra. 

Tim inter- rela' ion af tha various items of tha eaarvta* ion 
9*Ma u • vl-ft-n* from tha *at di cv»aalcn. Wo commutation has •etuaily 
v-^«arT-M' u. tha colour b*til tha total-correction actors opr rat* and 
ter- , x> not operate until tha si.ht station is soar# Iced and 
tr%eklr<r on the tar at basins. 

T>m erlflael r 'lan cf ln»«etira*ion irte the *rrior**eica of 
Uil* T>»^iin» systaa called for ^tailrd •**» rloantal ary tha»r»ti*al 
flMlyris 'U tha la ai cwamtir.r jyros>-©pes, with rape re particularly to 
Uair aaoaUivity and fra v»ncy response. Jnfortinately, no elrhtin* 
lor ar. .ie be obtained io tiaa to t» of u*o in the -r —r 1 project# 

♦ . rh tine was r«*nt in an effort r»* thaaita an <*irw 

all r* f «-^ll» * that ©f tha ai w > »yro »l »» » w U« le *' , *c'.or ’ rv* 
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©f Sr.rut can rtr&cllv be devised tut %h* o* ***ry i**t \ back channel 
r 'fivr all »ffoita at synthesis* This difficulty arloca bee&uc© of 
the **!»<*• i lr. which all correction© *hc pt that ex w to kinematic 
lead ai» relied to char.#* the sensitivity 0 / U** is ad channel, rather 
then having all correction? arrive indepe idcs^tly at a »us«**tion swii 
for ’«u?r*tiar; of total correct San* Consequently, a cosirutad kinematic 
lead eorraaj'cr.dini t© a . ivsr* pj’oblec cannot bo entered synthetically 
into tha ccsjputar for analysis, sine© the sensitivity of the lead channel 
ia a variable de?a*r,dinf or. all other footers of the probls* . 7m final 
conclusion, of this part of the study it) ib ref ore, that In any further 
finely a la of this fire control system, the computer and sighting station 
Must be treated siraaltaneously rather titan as independent units* 

C uch investigation into the lead channel as is possible be- 
coieea limited by necessity to a ci*pl« study of its roe* cr.se spaed* 

The total correctior. ootore are ©aswntially constant epeed. tty circuit 
design they are set to operate at a alow gp*^d during the first 1*0 
seconds 20 tat ion in response to a . ivrn si^oal f ror the sight gyros, end 
then shift to a higher speed if error persists loruar than 1*5 seconds in 
tis« • he time delay circuit is so cor.strurb-d that U© 1*0 second delay 
time is measured froa each ir.rtant of contact closing* * r bi© eeans that 
wher error la ©wall and contacts ex« closing alternately right find left 
with a perioo loss than 1*0 secoru.s, tbs total correction wotora remain > 
at slo'? c^ed* ii’h sp**d is available only wber; tfrs error fi^nal pc*r- 
slate in the saao direction for user* than the delay tine* The chief 
function of elatr speed operation la to irprov the casoothinr of problem 



aolv>i* •<-- -»• jo 0 tha «r i\ ot of oomel tr* •*:» lino air r»^>i 

oe te» • *i 1 a ao. 

Via type of circuit tlealr* euf are free a fw v « s> r«uel liaite- 
ti m, tto na, cm •*» W«r hear larra, aro oorreean at alow *--«rd far 1,5 
homw# ur*.-* tha total correction sotor aftifta to hirh s’»vi. vrtJfcr- 
<«»ra, II tha ~w y ,i tin^ tiae required ia '.a tha vicinity of 1*5 to 2,0 
aaurr '•, the «ctor will shift to high e yr-d jest aa croble* P*e*t 
aulutiua, i>«*ltinc in overshooting an*) lack of •roothms. or T**i<*r 
•OflpvliUf (ia* tba problea solution ia al»*ya a7~roachad at ki*h gp *' d , 
ot» rdat, and hen back-corractad at loar tpeed, siroa the tire >127 
circuit Junctions aa soon aa thn contact oints opr rata. 

rail speed sensitivity ©f tha l«ar c^noels are eeaily 
■w*avt*»c in alia of total correction par second. l«th alow t**i M/U 
spaed sensitivity •ore determined «xpari»«? tally for each c^jno^l <cvd 
osakA SaJ-fiy lies wa x also aaarured, Ttiis dat. la rr*t?<ntf*d in ^l' : 

j. yii*a# 20 and 21* carves am drewn to ' ow T«^v,t#r **lutiac 
tise r v i>c to drive a ,*iven total correction value to the aeleyr- Uf- 
fara-diol a/* 1 thus to tha -uns, Tfeeee -irv*a are ;>latt*d on ttw > tease 
tior «( '<> rt» reboot In the ro'.leae solution an? ar instnr.t* >e«ta *• :r% 
of cr»* et. • s* soter upon the expiration of de lay tiae, *hila ww^t 
Ideal, ttw *v» Its indicate tha solution tia» retired b> tha -aanotwr 
for apy total correction within its limits. 

Ire# the co«9»tt r *v»y oonooivacly be 'eli'in.- a aet-up fror 
- orevioua In, the total correction 00 tor aay !wve to drive frcai a 



lead in >tv* *lr> Mon down throa h ?oro fcn a lad in lb» otWr iiraclioiu 
~he ourv-u 0 / 20 and 21 art, thtrafor- , ..-awn to include a maxima 

total ctsrr- •titr’ rhan-e of twice 2 r S0 »il«, 'hlch la the limit In •Stharr 
dirre'-ier of the avieuth or elevation cftAnrel, 

Vt'A sl’idy of the total, correction channels which fir® fendaroerv- 
tally l*sd-~cwTwtir?r cl'^a.n^tla nro^ified 1" sensitivity to include all 
fire-control corrections, indicates that tbs co- u 4 er solution fc.i3» is 
a variable controlled by ti« type of problem to be solved, This variable 
relationship is essentially discontinuous erd made up of two linear func- 
tions of tet •! correction versus ttve as shown in Fijjo, 20 and 21. 
f'tanerally, solution time increases with the mount of lead required by 
the pro 1 low. 

"he characteristics of the 2w«d carotin* system may be briefly 
suacyarired as follows s 

2.) folution tiro increase? '1th total correction required, 
vfher.ee it follow' that the computer takes longest tiss® to rcrch fi cor- 
rect solution to a hirh speed pm blew. 

2) rrobloas ora slowed unduly in their aolut ion because the 
total correction system operates at slow ep* ed for the first 1*!? saoor.de 
of solution time. 

3) The overall action of the cec>r>tt*r discriminator sureir.et 
the bi^h speed prowler where load and solution tic* are ratost, but 
where the .real <*t rapidity of solution is r.e*«<i*d, since firing tioo In 
those problem* is at a einiaun. 
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!«) TV *»r>mr b« wMcfr hlw««*‘lc lw*d In ir.t-roOrs.OK to th* 

«rfi*-u 4 .i.a rrU4il9 er r refines »nl*** • ■d'-Mla*’ 

1# to •m it' nrw» junction with ’-he co«f*it«r ltMlf* 
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CQac U r lOV-» AS~ Frcc&i.’ KTATIO^S 

Tach swin section of the computer has boon analyzed experi- 
mentally ond theorotieally to the Halt of available m^tsLpmmi and 
treated in * separate chapter* In this last chapter all results arc 
coordinated to present a complete picture of computer periormance, final 
conclusions art drarm, and reconrr.ondations nade for further study* 

recapitulation of results ia made in an orderly fora below* 

1) Tho Tange Input Unit approximates a proportional servo- 
oechoniica, with a natural frequency of 1*1S7 cycles per second and a 
da, aping ratio of 0*115* The maxliRUft valua of tho resonance function, 

io i#2 °* (Reference, Figs* $, 6, and 10*) 

2) Frrors in present range produced by the velocity of range 
input, i*e*, ran rate, arc a ttaxLmun of about 10 yards at 700 dies 
per hour and doorcase approximately at a linear rate for lower range 
rates* (i eference, figs* ? and 10.) 

3) The adniraum error existing in the range channel as deter- 
rn n«ri by tho amplifier and follow-up motor sensitivity Is a variable, 
averaging about 2*5 yards at kLixUbusi range and increasing to 19*0 yards 
at u»xiffi«B range* (reference, Figs. 7 and 10 for intermediate points.) 

1) Range input accuracy Is Halted chiefly by the tsaxiauffa 
epeed of the follow-up motor which is such that range rates of 700 dies 
per hour cannot be followed below 1000 yards present range* urt-hsrnoro 
this defect becomes progressively more serious with decreasing range so 
that at 500 yards present range the raaxiiaun range rate input is only 3?8 
miles par hour* (Reference, Tabic IV for comp lot a tabulation.) 



j) 7l»« *si> Qvvabian t :r«* r^le tyrnr~i aw t pre- 

. «-U - ml -ervcnae**.*! -ee wiui a natural of 2*1 la t®» <.eia-r-h 

l«t>9 1 « eWration. Values of the ^ 1/* ratio emre if. U-m 
' Jl .,-0- ev^'^^rio . ractice, 0*51 for aaieuth, 0*ii7 for elevetio ■ • 
*nw *n fTerams* la »t**rr»l fre^uoacy ia ue to tha Afferent 
aa*« >f onLU driven bj tha two i*ut cha^ala. r rx!«cnt^lly tt.ay ara 
i<«nvteel* (faf-r^noe H-a. 12, 13# Ui, *nd 1£.) 

6 ) *he sse^rfy atata arrora in tha atiauth *i*1 elev-uen 
wola r^ultdi. from input velocities in theca quantities ara appre- 

ci«^la arx appear in tha 1-.*J cooping eystwi. This ia lar. aly a re- 
of <«inc nl. a one-speed synchro iyst«e in tha •uavuver. 

Tha t arret servo* -sa-lifiera give batter rwa^onre since both one-speed and 
31-« r »ad synchros *ra usad* Tua positional error intre ti.to the l«ao 
ooar tih, s, wtaa r-*ults in s **11 error in the computed This 

error ss finally receive vy the guns is idthin their disp* raion ,,-ittarn. 
(t->f«r-xnoe *Vs* 17 end I'M 

7) Tha • ltitad* and Airspeed Input diannel is controlled ey s 
,H/t*r.tioaatar ♦ervoeeehenian vary tindlar to the 'an*e Unit. Its res. onae 
c -v. • cteri sties are very poor* However, on the tsaxeaption that altitude 

■ »1 Airat-eed chafe •« sill be negligible during s flrin. run, its res.vnoe 
to *"c illation +±1 its velocity steady-state error are of littls interest* 
So nan-, l^d t • * sellable to conduct experimental tacts* 

) The total correction charnel operates as an unusual type 
*- r chard *e, »vin* variable, non-lineor s»naitlvlty # so ds«ir^ad 

as to oc&dne ►d r >***-ic Wd correction which ia direatly , <*>«ented in 
t ige tdta -he other corrections of t r -» firs cxrtrol , ro' laai 

r-Hy aloanhere In the e ^i oter* 
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9) .¥■ • o ns- o ti* total correc.ion cWewl ia r*l*i. vwly 
slow* ProLl-c; solution ia further slc»»»a by tbs a^thod ©.: •mow thin* 
used, consisting of drivloi the channel meefr>*niem at ftfeemt » speed and 
for l{ Recoil xlay Use before shift! n. to high speed* 

10) olution ties of the system i- chiefly a function of the 
total correction channel, increasing in s A «rv*ral liaser fsshion ea the 
e*ount of lo?.d correction required in s «iv"» ^roble© increases* Currys 
of solution ties versus total correction re.ilrad ere drawn* (A»fer*noe 

s* 23 snd ?!•) It must be noted, hover r, that solution tisse is not 
s simple function of the problem b*ir«£ solved since the computer is not 
self-s?roii\, utet starts towards tne now solution from the values r«edn- 
irsg set In from trie previous problem* 

11) Tho computer unit, considered in its entirely, discrid itse 
s^cinst the hi.~h velocity problem in both the ra»g* and total corraction 
ch- r .nels* Consequently, solution time snd errors in solution era re* test 
when rapid solution and jrood accaracy ere most needed* 

12) The overall deal, n of tho cocputer unit is such as to pre- 
vent adequate introduction of synthetic problems for laboratory tests 
unlosr used in conjunction with the si fh ting station* 

Tho computation aystssi of the Central ''tat ion .ire Control System 
wea foumd .encsrally adequate in prir.ciplo and static sensitivity* fhe 
wmak feature® of the design srs cr defly cn^-ed by poor dyadic response 
in tivo oervoweehanism channels* ruj^estr*d rncor ^.r ations fer ita^rovinj 
this resporyx* are: 

1) wising of the natural frw ,u©nc> of all servomechanisms 
used in the computer by a f« ctor of at 1 • * t 3 sne preferably more* 
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I««M «| rcu4* d«rr»la|» 'llV t arait r*»«7 imw li Ite ^ t or U&s 7 J»0 
_>( «'ii >4# *l**Lrte •»*wortt». 

i * -»tlon >f conUflK)ue t77>e s*r»tr *«*»!*•» f'»r Lne 

reiaj ■ -»r tyyo i*»teU«i* <*.^»e oo tMToll^ii teo-p h ~ao LOO ejvle 

s/s acv » «j *ld be the ioael eol\tlo*». 

3) laprovaewnt in the Mudnus drivLns spe*va of *11 i .t *it 

r«rtic**l**lj bh« r*A?« and tooel correction unit*. 

"urt-^r rt«Jy into the p*rfonB&-ncs of the r«ntr*l ' • • vioa rire 
; 0 t¥ rul fyot* r««*i!>e to bo undertaken* he followin' lines of attack 
in f 

1) -•'•rail response eharac* eristics of the total correction 
■ztM a*l, with p rticuler refrroue# to wboothing of trackia. discrepan- 
ces, c»n fc* o^Wined throw us a of a slshtine station in conjunction 
with the ©o^tft*r, oscill- tine the si*ht head at various freiaendes to 
>*«r ; ir* isfer locus study* 

2) The lead gyroscope sensitivities can be deterrLa^ ■ by 
rXalUc the siehtin* station at ^nosn arvalar velocities a.V »e sewing 
th« • r . ct i on ooil eorrents req*dred to op an the total correction netor 
ooaWcte* 

3) Overall sensitivity of the co^-uter-sight co«-i nation can 
n» tet-rei aed -/ introd^cia; staple problems to the systae and observirxi 
the velt^e ef total correction ..enerated* Accuracy of this sensitivity 
(C*o be dtnev.ed spinet theoretieal c<r> utaliona based on the ^a' saapla 
p roc less • 
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Schematic Diagram of the Central Fire Control System 
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THE COMPUTER SERVOMECHAN ISMS 
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Reference pot is used to eliminate fixed voltages ONLY 

VOLTAGE TO C RO IS THAT VARIATION ABOUT THE Z £R0 AX IS 
Introduced by the ©t pot. 
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Potentiomer Range Servomechanism 
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Cathode Ray Oscilloscope: for Frequency Response Studies 
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Cathode Ray Oscilloscope for Frequency Response Studies 
determination of amplitude and phase lag 






J 

lie* 










/ 

1 






FIG. 6 



Transfer Locus of Range Channel 
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Schematic Diagram Showing Operation of Svncro 
Servomechanism and the use of the Cathode Rav 
for Frequency Response Studies. 
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LEAD COMPUTATION SCHEMATIC 



Input 

freq. 

(ojolee) 


Mg* 


Ontpt 

"x" 


it z < 


-1 

ainf 

phase 

(degrees) 


t 

\ 

mg* 


rrer 

- 0 
0 

phase 

(degrees) 


Trans 

1 

V 

■eg. 


►far 

function 

phase 

(degrees) 


Aap* 

Katie 

V% 

■eg* 


MO 






•11:7 


2.00 


O.kO 


2.00 


-11.52 


O.kO 


82.9 


5.000 


-9k*k 


1.000 


•333 


2. CO 


0.50 


2*00 


-lk.k6 


0.50 


81.7 


k.000 


-96.2 


1.000 


.14*6 


2.00 


0.60 


2.00 


-17.1:5 


0.60 


80.0 


3.330 


-97.5 


1.000 


•675 


2.00 


0.90 


2*00 


-26.73 


0.90 


75.S 


2.220 


-102.5 


1.000 


•710 


2.19 


0.65 


2.19 


-1700 


0*66 


97*0 


3*320 


-Ilk .3 


1.095 


•783 


2.20 


0.50 


1.22 


-2k .20 


0.83 


90.0 


2.500 


-Ilk .2 


1.100 


.016 


2.23 


0.55 


1.22 


-26.30 


0.99 


90.0 


2.250 


-116.8 


1.115 


•990 


2.kO 


0.80 


1.20 


-12.00 


1.61 


32.0 


1.U90 


-12k.O 


1.200 


1.000 


2.25 


0.75 


2.25 


-19.50 


0.77 


101.0 


2.920 


-120.5 


1.125 


1.050 


2.10 


1*70 


2*10 


-5h*10 


1.85 


65*5 


1*135 


-119.6 


1.050 


1.050 


2.00 


1.U0 


2.00 


-kk.50 


1.50 


67.0 


1*332 


-111.5 


1.000 


1.065 


1.95 


1.55 


1.95 


-52.50 


1.75 


62.0 


1.113 


-nk*5 


0.975 


1.175 


1.6k 


1.50 


1.6k 


-66.50 


2.03 


US. 6 


0.303 


-115.1 


0.820 


1.230 


1#60 


1.70 


1.80 


-70.90 


2.22 


50.0 


0.511 


-120.9 


0.900 


1.300 


1.37 


+1.37 


1.37 


-90.00 


2.U3 


35.0 


0.56k 


-125.0 


0.685 


1.610 


1.00 


-0.90 


1.00 


-115.80 


2.61 


20.0 


0.383 


-135*8 


0.500 


1.090 


0.50 


-0.70 


+0.80 


-118.90 


2.50 


fl6.0 


0.320 


-13k .9 


o.koo 


2.220 


0.60 


-1.70 


-1.90 


-2h3*60 


2.35 


-13.8 


0.255 


-229*8 


0.300 


2-hkO 


0.50 


-1.30 


-1.90 


-251.30 


2.20 


-12.5 


0.227 


- 238.8 


0.250 


2.860 


0.35 


-2.00 


-2.10 


-252.30 


2.1k 


- 9*5 


0*l6a 


-2k2.8 


0.175 


3«220 


0.30 


♦>1.80 


-2.00 


-295*30 


1.88 


-3*0 


0.159 


-292.0 


0.150 


3«700 


0.35 


1.80 


-2.60 


-316.20 


1.76 


- 3*6 


0.199 


-312.6 


0.175 




Caro position ef input, sat at 375 yards rang*. 

Aapllt ode of for sinusoidal variation x 25 yards 

(equivalent to 2*00 traits magnitude). 






TABLE X 



’^reqacncy Analysis Data for Eange Channel. 




Tl*e to eloee 
ranee 600 yds. 


lance 

(yda/eoe) 


-late 

(■llee/hr) 


defl.of CFO 
(10” 1 inch) 


(velte) 


21*6 


37-0 


75* 


9.0 


0.1*50 


22*2 


36*0 


73.6 


9-5 


0.1*75 


17*6 


k5*5 


93*0 


9-5 


0.1*75 


170 


k6*3 


»U.I 


10.0 


0.500 


U*.7 


5k*k 


111*2 


10.0 


0.500 


lb-U 


55.6 


113*8 


10*0 


0.500 


11*6 


69*0 


12*1.0 


n.o 


0*550 


11.8 


67.8 


138*6 


11.0 


0.550 


9-9 


80*9 


165-2 


12.0 


0*600 


9*8 


81.6 


166*9 


11*8 


0*590 


6*3 


96*k 


197*0 


32*5 


0*625 


8-3 


96.U 


197*0 


12*5 


0.625 


7-5 


106*7 


213.0 


12*5 


0.625 


7-5 


106*7 


210.0 


12*5 


0.625 


6*3 


127.0 


259-6 


13*5 


0.675 


6*1 


125.0 


255-5 


U*.0 


0.700 


5-3 


151.0 


306-7 


Ik.O 


0.700 


5-3 


151.0 


308-7 


llt.O 


0.700 


k-7 


170*1 


3li9#0 


lk*5 


0.725 


i»*6 


173-9 


355-5 


lit*5 


0.725 


k*t 


190-2 


389*0 


15.5 


0.775 


k-3 


186*0 


360*0 


15.5 


0.775 


k*0 


200.0 


1*09*0 


16*0 


0-O00 


3-6 


210*5 


1*31.0 


16*5 


0.825 


3-k 


235-0 


1*81.0 


17-0 


0.850 


3-2 


250.0 


511*0 


18*5 


0.925 


3-C 


267-0 


5k6.0 


20*0 


1.000 


2*k 


333.0 


681*0 


22.0 


1*100 



Data taken for a elating reage fro* 1200 to kCO yarde- 



cethode ?ay Oacillotcop# call ura tic* - 3 inch deflection 
eqti valent to 1*500 volte* 



TABLF XI. 



Date for Telocity Study of Hence Channel. 



i!ean \an.c 
(yards) 


Bang© 

Increment 

(i ns») 


Error 

(volt©) 


Sensitivity 

(yd«/volt) 


R*fldual 

Error© 

(volts) 


275 


25 


51.75 


5*13 


.30 


325 


25 


70 s 


6*80 


*31 


375 


25 


503 


9.33 


*k2 


k25 


25 


1.75 


10.52 


*35 


h 75 


25 


1)00 


12.19 


•h2 


#5 


25 


3 .E 0 


13*15 


•33 


575 


25 


3.05 


16.39 


*33 


625 


2$ 


2.?7 


16.S3 


• 3 


663 


33 


3.60 


18.22 


•h$ 


753 


fc2 


li.l5 


20.23 


-k8 


3 # 


50 


U*tO 


22.70 


.50 


?>0 


50 


3*75 


26.65 


•62 


1050 


50 


U*00 


25*00 


.62 


1150 


50 


3-b2 


29*25 


.65 


1250 


50 


3*05 - 


32*80 


.60 


1350 


50 


k.15 


21.10 


.50 


1U50 


50 


k.kO 


22-70 


•U5 



TABLE XU. 



Poms© Sensitivity Tmt& 






mu 


(7* i) 


(*■/•••) 


(sdlts/lr) 


<50 

& 


109 

12*> 


S 

317 


500 


1*5 


3ft 


600 


216 


kfc* 


TOO 


2U6 


50k 


800 


277 


56^ 


JX» 


307 


6*9 


1000 


337 


690 


ix» 


369 


?53 


1200 


3ft 


915 


as 


k*9 

k$9 


979 

*0 


1500 


m 


1000 



tABL* If. 



Xapiti at firlNi kui(M> 



rrwQtwncy 


X 


2 


V* 


V*i 


sycl «wf/*ec 


cno vnttsr 


CEO rsslta 


K»fydturf* 


Phas« And* 
(dag re**) 


Infinitude 


Phase angla 
(threat) 


•2GS 


5 


5 


k*0 


-*G.O 


1.03 


-Ik' 


.65 


9 


9 


2.22 


-90.0 


1.1 


-2k 


•73 


10 


10 


2.0 


-70.0 


1.11S 


-26 " 


1.28 


17 


170 


1.1k 


-760 


1.17 


-k? 


109 


17 


20 


1.0 


-SO -3 


1.C2 


-62 


lO® 


l£*S 


32 


0 . 62 s 


-2? 


- 71 


-10s 


2.18 


n 


29*5 


0.722 


-22 


.63 


-117 


2.22 


10.5 


29 


0.71s 


-22 


•62 


-us 


2.12 


7.2 


250 


. 0.785 


-16. k 


-53 


-132 


2*Sk 


60 


29 


0.69 


-13 


07 


-139 


2*91 


30 


260 


0.765 


-70 


-3k 


-150 


3.23 


2.75 


25 


0.80 


-6.3 


.26 


-155 


3*52 


1*75 


2k 


0.833 


-k 


.22 


-161 


3.92 


IO 


23 


0.07 


-k 


.18 


-172 


k.13 


1.0 


220 


O .89 


-2*S 


-15 


-178 


k*21 


0.0 


220 


009 


0.0 


.12 


-180 


k.6S 


1.0 


220 


0.89 


20 


• .10 


-192 


5«kk 


1.0 


210' 


003 


2.7S 


.097 


-212 


603 


1.0 


21 


0.9S 


2.75 


.063 


-2!»3 


7*6? 


0.0 


19*0 


l.QS 


0.0 


•Ok? 


-350 



TABLE V. 



Frequency %-tpanm Btwly for th* Aadareth Chasm*!. 






I 




* 1/1 


V«i 


r. 1*»/. MO 


• 10 


it 

3 


k« tn tud« 


fha»« ancle 


A^rni torto 


■ '1 1* 


.167 


S.5 


5.5 


3.«* 


**90.0 dc|* 


1.C3 


-u.o 


0 


.291 






3.13 


•90.0 " 


1.05 


-12.0 


ft 


•515 


».5 


1.6 


2*12 


-51.0 * 


1.05 


-r. c 


« 


•rsr 


11.1 


U.3 


1.77 


-79*0 - 


i.c* 


-33.0 


0 


•'33 


11. 


17.0 


1.57 


-73.1 ” 


1.05 


-37. 0 


19 


.924 


12.: 


3J.& 


1.U7 


-67.O " 


1.03 


-1*1.0 


m 


1.0t 


11*.5 


13-0 


103 


-75.0 •’ 


1.00 


- J.O 


% 


1.19 


16.0 


1:.; 


1.19 


-72.0 " 


1.09 


-4m. 0 


0 


1.25 


19 .li 


19. ? 


1.01 


-63. h ■ 


1.11 


-56 .0 


0 


1.1*7 


22.0 


27.0 


0.71 


—51**6 m 


1.12 


-7 .0 


m 


Wl 


19.5 


31.0 


0.615 


-39.0 - 


•77 


-102.0 


n 


1.79 


r.5 


31.5 


0.635 


-29.5 " 


.53 


-1U.0 


% 


2.00 


15.0 


31.0 


0.6/ 3 


-?/.0 • 


• 77 


-11/ .0 


m 


2.27 


t.sr 


29.0 


0.69 


-1/.0 • 


• 55 


-133*0 


0 


2.50 


7.5 


21.0 


0.715 


-1S5 - 


.1* * 


•135 *0 




2. 


1.2 


2' >.0 


0.77 


-90 - 


•31* 


-1 :.0 




3. *2 


2.0 


fl.O 


0.835 


-4*.8 - 


.21 


-1« 0.0 


0 


3- 


2.0 


22.0 


0.67 


-5*0 ■ 


.16 


-1 5*0 


* 


.00 


1.5 


22.0 


0.91 


-3*9 " 


.10 


-160.0 


•9 


L.Sl 


1.0 


21.0 


0.95 


-2.7 • 


•05 


-153.0 


n 


• » 


1.0 


20.5 


0.975 


—2.8 


.025 


-1A7.0 


m 


•1A 


>.0 


20.5 


0.975 


0.0 * 


.025 


-l’-j.o 


w 



TALL 71. 



P M.xjns* "tuciy for th« r l*r*tlon cha vi«l 



.n&ular 


1 

1 

1 

1 

1 

1 

9 

*4 

0 
u 
u 

0k 

1 
1 
1 
1 
1 
1 
t 
t 


Mis / iqc 


I *f lection on 
O’.O - inches 


de.-r-os 


oils 


S7 


•35 


•31 


5.U 


139 


.70 


.76 


13.28 


351 


.95 


1.06 


13.50 


507 


1.3 


1.5 


26.2 


531 


1.5 


1.77 


30.9 


631 


1.7 


2.02 


350 


719 


1.85 


2.22 


33.8 


820 


2.1 


2.51 


li3«9 



rt.hV fix . 

Steady State Error for Constant* Anguler Potation. 



Error 


reflection 
on i,*Q 


decrees 


Incliee 


.17 


•25 


•3U 


•35 


•51 


.50 


.63 


•60 


.35 


.80 


1.02 


.90 


1.19 


1.00 


1.35 


1.20 


1.53 


1.30 


1.70 


1.50 


3.h0 


2.00 



TAuL. VIII. 



•Lt.>*r%tion ’**.lo for .-'t kx!o j Oscilloscope* 





!.«▼* tion 
Channel 


aiiw’wh 
Own <*-1 


Zmlxj It* 


1*6 IM. 


1*5 **c. 


Low '?•■*! 


LC .$ <ul*/»«c 




•««i tivity 


!^qcL'J.vI l; 


70.9 allft/w 


7S*U *3L1^/mc 



U l* XX. 



T.:.- -v.. xaIuh - - i ux 




7908 

Yates 

performance analysis 
of certain components 
of fire-control equip- 
ment for bombing air- 
craft. 
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